Abstract: Irrational antibiotic use has led society to antibiotic resistance-a serious health problem worldwide. This study aimed to assess public knowledge, beliefs, and behavior concerning antibiotic use and self-medication in Lithuania. The cross-sectional survey method was processed using a validated questionnaire in different regions of Lithuania. In total, 1005 adults completed the questionnaire and were included in the study. More than half of the respondents (61.1%) had poor knowledge of antibiotics. Almost half of the respondents incorrectly identified antibiotics as being effective either against viral (26.0%) or mixed (bacterial and viral) infections (21.7%). The respondents with lower educational qualifications (OR = 2.515; 95% CI 1.464-4.319; p = 0.001) and those from rural areas (OR = 1.765; 95% CI 1.041-2.991; p = 0.035) were significantly less knowledgeable of antibiotics. There was no significant difference between genders, different age groups,
Introduction
Irrational antibiotic use has led society to antibiotic resistance-a serious health problem worldwide, which is now trying to be solved by many various approaches. In 2011, the World Health Day theme was "Combat drug resistance: no action today means no cure tomorrow" and for this occasion the World Health Organization introduced a six-point policy package to fight against the spread of antimicrobial resistance [1] . This reflects the importance of the problem and the need to undertake some serious actions in all population groups, involved in the growth of antimicrobial resistance and irrational antibiotic use.
There are various factors which may influence an increase in irrational antibiotic use. Many studies have reported that antibiotic regime non-adherence and inappropriate antibiotic use are strongly associated with public awareness and knowledge of antibiotics [2] [3] [4] [5] . Factors associated with public knowledge of antibiotics have been reported to be demographic characteristics, including gender [2, 4, [6] [7] [8] , age [6, [8] [9] [10] [11] [12] , race [7, 9] , education level [3, 4, [6] [7] [8] [9] [10] [12] [13] [14] [15] , family income [4, 8, 14] , place of residence [13, 14] , as well as other factors, such as lack of advice regarding rational antibiotic use, given by a physician [16] . A comparative European study has shown that respondents from Lithuania were significantly less knowledgeable of antibiotics, compared with such countries as Sweden, Belgium, Austria, and the Netherlands [17] .
Another important issue related to the increase in antibiotic resistance is self-medication, which is defined as the acquisition of antibiotics and self-administering them (or administering them to children) with the aim of treating perceived infection [18] . There are clear differences between the prevalence rates of self-medication with antibiotics among different European countries, ranging from 5% to 45% [3, 11, [19] [20] [21] [22] [23] [24] [25] in the general population. A previous study processed in Lithuania showed that prevalence of self-medication with antibiotics was 22% [25] . It should be noted that there is an easy access to health care services in Lithuania. There is a high number of physicians, general practitioners, and pharmacists, favorably comparable with numbers in more advanced countries. In 2012, there were 42.4 physicians, 6.3 general practitioners, and 10.3 pharmacists per 10,000 inhabitants, as well as 8.0 visits to physicians in general per one inhabitant per year. In Lithuania, antibiotics are prescribed and treatment can be continued by a physician only.
Irrational antibiotic use reflects not only patients' failure to comply with physician's instructions on how to use antibiotics adequately, but is also associated with inappropriate antibiotic prescribing. Rational antibiotic therapy should be based on the correct indication, the right drug and dosage, the drug of the first choice, the appropriate period of use, and the lowest treatment costs [26] . All antibiotic prescription events that do not comply with these conditions should be considered as irrational prescribing. A study processed in Lithuania determined that, only in 9.5% of all cases, antibiotics were administered in keeping with the recommendations for rational antibiotic therapy; according to indications, appropriate antibiotics were prescribed in 42.9% of cases [27] . This shows that not only patients but also physicians must be considered as a key group causing the increase in antibiotic resistance.
Due to wide cross-national differences in antibiotic use and public knowledge of antibiotics, determination of key populations requiring educational interventions is needed in each country prior to the establishment of effective educational programs. Studies regarding public knowledge of antibiotics and self-medication with antibiotics are rare [17, 25] . Our study was aimed at determining which Lithuanian society groups were more likely to use antibiotics in self-medication. The main purpose of this study was to assess public knowledge, beliefs, and behavior concerning antibiotic use and self-medication in Lithuania.
Methods

Study Design
A prospective cross-sectional study was designed based on a validated anonymous self-administered questionnaire. Ethical approval was obtained from the Lithuanian University of Health Sciences Bioethics Centre. To be eligible for this study, participants had to provide signed informed consent. The anonymous survey was processed in 16 community pharmacies located in 4 different regions of Lithuania, covering the whole country. All the selected pharmacies were similar in terms of size, location (near hospitals, family health centers, or physician offices), and patient load per month. Respondents were recruited by our research team. All the patients who came to the selected community pharmacies during the study period were asked to fill out the questionnaire at the pharmacy, regardless of antibiotic acquisition at the time of visit or antibiotic use at any time in life. Respondents under 18 and those with occupation related to health care were not included in this study. A total of 1,005 respondents were eligible for the final analysis.
Study Instrument
The anonymous survey method was performed using the original validated 37-item questionnaire (in Lithuanian) containing both open-and close-ended (multiple-choice) questions. The questionnaire was developed by our research group based on a previously conducted literature review [4, 7, 9, 17, 18, 20, 23, 24, 28] and specific cultural considerations. The validity and reliability of the questionnaire were evaluated in a pilot study, in a sub-sample of 30 participants, to ensure that the questionnaire would be appropriate, comprehensive, and understandable among prospective respondents. The pilot testing allowed quality improvement of several questions by wording modification and achieved high internal consistency and reliability (Cronbach's α = 0.75). A total of 37 questions were included in the final instrument, which was divided to five parts: 2.2.1. Part 1: Demographic Characteristics There were six questions in Part 1 regarding the demographic characteristics of the study population, including gender, age, level of education, occupation, place of residence, and parenthood status. Urban place of residence was defined as living in a city or town with the population size of more than 3000 inhabitants (according to Lithuanian territorial administrative units). Parenthood status was defined as having children under 18. The data regarding occupation were only used to exclude respondents with the occupation related to health care. were also asked about their most recent antibiotic use (reason, for which they used antibiotics and antibiotic name used for the therapy; both open-ended questions). They were also asked to indicate the main sources of information regarding antibiotic use. Before filling out Part 3, the respondents had to evaluate themselves and to assess their knowledge of antibiotics using a 6-point numerical rating scale (0-5), where the end points were the extremes of no knowledge and excellent knowledge. According to their self-evaluation, we divided the respondents into three groups as follows: 4-5 points-good knowledge, 2-3 points-average knowledge, and 0-1 point-poor knowledge of antibiotics. The results of self-evaluation were later compared with the actual knowledge of antibiotics.
Part 3: Knowledge and Beliefs Concerning Antibiotic Use
There were nine questions in Part 3 regarding knowledge and beliefs related to antibiotic use. We selected five questions from this part to assess respondents' actual knowledge of antibiotics. The questions inquired information about rational antibiotic use, antibiotic effectiveness against bacterial and/or viral infections, indications for antibiotic use, and the appropriate period of antibiotic use. The number of correct answers to these questions (0-5) indicated the actual knowledge score as follows: 4-5 points-good knowledge, 2-3 points-average knowledge, and 0-1 point-poor knowledge of antibiotics. Part 3 also included the questions regarding respondents' beliefs on safety of antibiotic use and possible adverse drug reactions (ADRs).
Part 4: Behavior regarding Antibiotic Use and Self-Medication with Antibiotics
Part 4 consisted of eight questions related to antibiotic use behavior, antibiotic acquisition, and self-medication with antibiotics. Self-medication prevalence was measured among the antibiotic users. Self-medication was determined based on the answers to questions in Part 4 and considered as the selection and use of antibiotics by the study participants (or their family members) to treat self-recognized or self-diagnosed condition at any time in life.
Part 5: Parents' Behavior Concerning Antibiotic Administration to Children
The last part of the questionnaire was designed for parents and included seven questions. The parents were asked about their children's most recent antibiotic use if applicable (reason, for which they used antibiotics and antibiotic name used for the therapy; both open-ended questions). Other questions in Part 5 assessed how the parents supervised their children's health problems related to antibiotic use.
Sample Size
A sample size calculation was performed using the Raosoft sample size calculator [29] with a 5% margin of error, a 95% confidence level, the population size of 3003.6 k (population size of Lithuania, according to the data of the Statistics Lithuania), and a 50% response distribution. The calculation resulted in a sample size of 385. As the study was processed in community pharmacies, to increase reliability of sampling and sampling-based generalizability, the required sample size was doubled. With the expected response rate of 50%-60%, a total of 1300 questionnaires were distributed to the selected pharmacies.
Statistical Data Analysis
A descriptive and comparative statistical data analysis was processed with the SPSS 17.0 (SPSS Inc., Chicago, IL, USA). Frequencies and cross tables of preselected variables were calculated and χ 2 tests were performed to identify variables associated with dependent variables-knowledge of antibiotics and self-medication. Risk factors of poor antibiotic knowledge (among all the respondents) and self-medication (among the antibiotic users) was first evaluated using bivariate logistic regression. Variables with p < 0.25 in the bivariate analysis were included in the multivariate logistic regression analysis to determine the factors that are independently associated with each dependent variable. Only the results of multivariate logistic regression analysis are reported. Odds ratios (OR), 95% confidence intervals (CI), and p-values were calculated for each independent variable. A p-value less than 0.05 was considered to be statistically significant.
Results
A total of 1005 out of 1300 administered questionnaires were returned fully completed and met the inclusion criteria, giving a response rate of 77.3%. Less than half of the respondents (42.1%) were men. The mean age of the respondents was 38.6 ± 13.9 (median 37; range 18-79). Most respondents were from urban places of residence (74.3%) and had university or college education (70.3%). Study population characteristics compared with the Lithuanian general population are detailed in Table 1 .
Nearly all the respondents (93.7%) claimed that they had used antibiotics at some point in their life. One-tenth (9.8%) indicated that they had used antibiotics at least once in 6 months, and one-quarter (24.9%) at least once a year. The main sources of antibiotic information were physicians (64.5%), pharmacists (45.0%), family members or friends (41.8%), and the Internet (40.5%) (study participants could choose more than one possible source of information). Even though physicians were reported to be the main source of information related to antibiotic use by most respondents, one-third of them (34.0%) stated that they got too little or no information about antibiotics from their physician.
The antibiotic users had to identify health problems and antibiotics used for the most recent antibiotic therapy. Almost one-third of the respondents (29.7%) did not indicate the disease or the antibiotic (most of the answers in these cases were "I don't know" or "I don't remember"); 18.6% of the respondents indicated that they had used antibiotics for various noninfectious diseases; 5.3% of the respondents confused antibiotics with other medications such as nonsteroidal anti-inflammatory drugs or antipyretics, which are usually used for the symptomatic treatment of common colds. Before answering the questions related to antibiotic use, the respondents evaluated their knowledge of antibiotics; 22.8% of the respondents rated their antibiotic knowledge as good, 43.8% as average, and 33.4% as poor (Table 2 ). Poor knowledge of antibiotics was found to be significantly associated with the overestimation of self-knowledge of antibiotics (p < 0.001). Though almost half of the respondents (42.0%) evaluated their knowledge of antibiotics accurately, a similar proportion (44.6%) overestimated their knowledge. Moreover, better self-evaluation was associated with higher prevalence of self-medication (p < 0.001). Table 4 shows the multivariate logistic regression analysis of factors independently associated with poor knowledge of antibiotics and self-medication. We found two factors independently associated with poor knowledge of antibiotics including education level and place of residence (Table 4) . The respondents with lower than university or college education (OR = 2.515; 95% CI 1.464-4.319; p = 0.001) and the respondents from rural places of residence (OR = 1.765; 95% CI 1.041-2.991; p = 0.035) were significantly less knowledgeable of antibiotics. There was no significant difference between men and women, different age groups, or respondents with a different parenthood status. More than one-quarter of the antibiotic users (27.8%) stated that they had bought or used antibiotics without prescription at some point in life. The results showed that the main sources of antibiotic supply without prescription were community pharmacies (72.7%) or leftover of antibiotics stored in the household (14.8%). Supplies by family members and friends accounted for 9.9%. The determined level of self-medication with antibiotics among the study population was 31.0%. The independent risk factors of self-medication were found to be gender, place of residence, and parenthood status (Table 4 Out of 621 respondents who had children under 18, almost all (92.8%) stated that their children had used antibiotics at some point in life. More than one-tenth of the respondents (12.3%) indicated that their children had used antibiotics at least once in 6 months, and almost half of them (43.2%)-at least once a year. Almost half of the parents (41.3%) did not indicate the disease or the antibiotic that was administrated to their children during the most recent antibiotic therapy; 14.4% of the respondents indicated that their children had used antibiotics for noninfectious diseases and only 1.4% of respondents confused antibiotics with other medications. Most parents noted supervising the use of antibiotics according to the instructions given by a physician (58.0%) or a pharmacist (23.1%). More than one-tenth of the parents reported administering antibiotics to children according to their own knowledge (8.5%) or advice given by family members and friends (5.6%); 4.8% parents stated that they would never give antibiotics to their children.
Discussion
This study revealed important findings, related to inadequate public knowledge of antibiotics. Our results showed that antibiotic knowledge among Lithuanian population was insufficient as almost two-thirds of the respondents (61.1%) had poor knowledge of antibiotics. A large proportion of the respondents (41.7%) thought that antibiotics worked on common cold, 26.0% that antibiotics were effective in treating viral infections, and 21.7% that antibiotics were effective in treating mixed (bacterial and viral) infections. Moreover, people tended to overestimate their knowledge of antibiotics, which might lead to increased non-adherence and self-medication. The respondents with lower educational qualifications and those from rural places of residence were less knowledgeable about antibiotics. Self-medication behavior was identified in almost one-third of the antibiotic users (31.0%) and was found to be significantly associated with male gender, rural place of residence, and absence of children.
Insufficient public knowledge of antibiotics has been previously reported in various countries and regions [3, 11, 15, 17, 19, 30] . Our study revealed two main factors significantly associated with knowledge of antibiotics and such findings are comparable with previously published data.
These factors were level of education [3, 4, [6] [7] [8] [9] [10] [12] [13] [14] [15] and place of residence [13, 14] . The respondents with high education level and those living in urban areas were more aware of antibiotics and their rational use. However, we did not find any significant differences between genders [2, 4, [6] [7] [8] or different age groups [6, [8] [9] [10] [11] [12] , as reported elsewhere.
Our study showed pleasing results that health care professionals were the main source of antibiotic information. As physicians and pharmacists play an important role in contributing to public knowledge of antibiotics, they must be considered as a powerful instrument for the increase in rational antibiotic use in society and the improvement of patients' behavior regarding antibiotic use. Both, physicians and pharmacists must be encouraged by national health programs to provide more information about appropriate antibiotic use and its' importance while prescribing or dispensing these medications. Moreover, all academic institutions should pay huge attention to education of future health care professionals, providing them good rational antibiotic therapy knowledge and effective patient consultation skills [31] [32] [33] [34] [35] .
One of the most important and novel findings in our study is the relationship between self-evaluation of antibiotic knowledge and the actual knowledge of antibiotics. Interestingly, the respondents with poor knowledge of antibiotics tended to overestimate their knowledge. Such overestimation and confidence in self-knowledge was found to negatively affect the prevalence of self-medication behavior. We were not able to find any previous surveys investigating respondents' opinion on their knowledge of antibiotics and requiring study participants to perform self-assessment. This finding seems to be very substantial, demonstrating the need for broad educational interventions. Various studies have presented local, national, and regional educational programs and public campaigns, processed to increase antibiotic awareness with various success rates [35] [36] [37] . This tool should be considered by health care authorities in order to improve rational antibiotic use and decrease self-medication rates in Lithuania. Major attention should be focused on the rural public, as both the rate of poor knowledge of antibiotics and the prevalence of self-medication were identified to be significantly higher in this part of the population.
Our study results show that there is still an easy access to antibiotics without supervision of a physician, as 27.8% of the respondents stated that they had bought or used antibiotics without prescription, despite the national regulation that strictly defines antibiotics as prescription-only medicines. The main source of such antibiotic supply was a community pharmacy. This may indicate that the Lithuanian health care system and especially community pharmacies are still struggling to cope with their task in enhancing rational antibiotic use. It should be noted that a similar situation has been reported by many previous studies [18, 20, 21, 23, 28, 38] and community pharmacies remain the main source of nonprescription antibiotic supply, demonstrating the need for effective tools, enforcing stricter supervision of antibiotic sale.
According to our results, the estimated self-medication with antibiotics in Lithuania remains high (31.0%). In comparison with previously reported data, this level has increased by 10% since 2006 [25] . However, such variance may be due to the differences between study populations and selection bias; therefore, it cannot be entirely comparable. The estimated self-medication level of our study was found to be higher in Lithuania than in such European countries as the United Kingdom (5.0%) [3] , Macedonia (17.8%) [19] , Portugal (18.3%) [39] , and Turkey (19.1%) [24] , but lower than in Italy (32.7%) [11] , Spain (41.0%) [20] , Poland (41.4%) [21] , Romania (44.0%) [22] , and Greece (44.6%) [23] . This variance is sufficiently comparable to the differences in the outpatient antibiotic consumption among these countries. Antibiotic consumption (expressed in defined daily doses per 1,000 inhabitants per day; DID) in Lithuania (19.72) was found to be lower than in Italy (28.66), Poland (23.59), Portugal (22.94), and Greece (38.64), similar as in Spain (19.68), and higher than in the United Kingdom (17.27) [40] . Even though antibiotic consumption was reported to be almost twice lower in Romania (10.19) in comparison with Lithuania, self-medication with antibiotics was even 13% lower in Lithuania. As mentioned, all Lithuanian citizens and registered long-term residents have an easy access to free state-funded health care services. Therefore, issues in the health care system or no access to a physician's consultation should not be considered as a factor increasing prevalence of self-medication.
The results of our study revealed that self-medication with antibiotics in Lithuania was significantly higher in the men, the respondents from rural places of residence, and the respondents without children. Higher prevalence of self-medication with antibiotics in men has been reported by several previous studies [24, 38, 39] . However, most researchers found no differences between men and women [10, 11, 19, 20, 28] or even considered female gender as a risk factor of self-medication with antibiotics [3, 18] . In our study, risk of antibiotic use in self-medication was found to be significantly lower among the respondents under 40 years of age. Differences between the prevalence rate of self-medication in different age groups have been reported in the majority of previous studies. However, most of these studies identified younger age to be significantly associated with the increased antibiotic use in self-medication [11, 16, 18, 29, 32] and only a few studies indicated middle age as a risk factor of self-medication [18, 39] . Our study was not able to support consistent associations between self-medication and such variables as education level and knowledge of antibiotics.
Study participants demonstrated sufficiently appropriate behavior regarding supervision of antibiotic use of their children. Most parents followed the instructions given by a health care professional (physician or pharmacist), while only a small percentage of parents reported self-administering antibiotics to their children or trusting family members' and friends' advice. These results demonstrate that parents take their children's health problems more seriously and responsibly than their own.
Strengths and Limitations
In our study, we obtained a high response rate (77.3%), which minimizes potential response bias because a response rate greater than 50%-60% is considered to be sufficient [41] . To date, this is the largest study on public knowledge of antibiotics in Lithuania. Knowledge of antibiotics as well as self-medication with these medications among the Lithuanian population has only been studied to a limited extent [17, 25] . Other strengths of this study include all desired age groups, high as well as low level of education, and respondents from both urban and rural places of residence. Most of the study population characteristics are reasonably comparable with those of the general Lithuanian population.
In spite of the large sample size and high response rate, several limitations of this study should be noted. As the study was based on a self-administered questionnaire, the data were presented from recollection of respondents' memory, and, thus, in some cases it was subjective. The distribution of the respondents with high and low education level was not even. We obtained a small percentage of the respondents over 60 years old. Other limitations include education level and previous use of antibiotics being self-reported. Family income, employment status, number of children, marital status, and health status were not analyzed as covariates possibly associated with knowledge of antibiotics and self-medication, although several previous studies have suggested this association [11, 18, 24, 28, 38] .
Conclusions
In conclusion, this study revealed a high percentage of inappropriate antibiotic knowledge and a high rate of self-medication with antibiotics among Lithuanian population. Education programs should be developed, targeting specific public groups identified in this study, with lower antibiotic knowledge and higher self-medication risk. Finally, the attention of health care policy makers should be focused on physicians and pharmacists, as the main information providers of rational antibiotic use, as well as on community pharmacies, identified as the main source of nonprescription antibiotics.
